A study was made of Streptomj7ces rimosus and mutant strains to compare the phenotype of high and low oxytetracycline producers. Strains were identified using a probabilistic identification matrix for the genus Streptomyces. Mutant strains separated into two groups : high-titre strains and blocked mutants. The former identified with the S. rimosus cluster whereas the latter were not identified. Two further oxytetracycline producers identified with the Streptomyes Iydicus cluster.
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I N T R O D U C T I O N
Traditional mutation and selection procedures using Streptomyces rimosus have resulted in increased oxytetracycline (OTC) titres (Vladimirov & Goldat, 1968 ; ; hybridization has also been used for this purpose by Mindlin et al. (1961) . The effect of mutation on the taxonomic status of strains has not, however, been studied in detail. Taxonomic changes have been noted in a mutant producing OTC, obtained by UV irradiation of S. alhoJ-lazu~, a producer of chlorotetracycline (Villax, 1962) .
During a study of OTC-producing strains of S. rimosus, a number of mutants were obtained which showed either increased antibiotic titres or loss of production. The physiology of these two mutant classes was compared to establish phenotypic changes associated with increased OTC yields, and to determine if the mutants retained the parental species identity. A recent taxonomic study of Streptomyces by Williams et al. (1983a) enabled the development of a probabilistic identification scheme for the major Streptomyces clusters (Williams et al., 1983 h) . The present study evaluated this scheme for the identification of mutant derivatives of Streptomyces species.
M E T H O D S
Srrairrs. The 12 strains in the study included two type strains, S. cupuensiy NRRL 3501 and S. rimosus NRRL 2234(Northern Regional Research Laboratory, Peoria, Ill. 61604, USA), with OTC yields (g I-' in a shake flask) of 5.0 and 1 .0. A strain of S . uurrofucierrs A 196 ( S . T. Williams, Botany Department, University of Liverpool, UK), did not produce OTC but was included for comparison with 72T1, an OTC producer previously identified as S. uurcc!fucicws. ICI Pharmaceuticals Division kindly supplied 72T1 (1.0 g 1-I) and mutants of 5'. rhosus, F (4.5 g 1 -I ) and D9 (4.0-5.0 g 1-I), and Y20 (4.0 g 1-I) which was a mutant recombinant of S. rimosus and 72T1. A wild-type strain G65 (I-Ogl-') was obtained from Pfizer Central Research, Sandwich, Kent T1 3NJ, U.K. Mutants obtained by y-irradiation were D9D7 (50-55 g I-' ) from D9 and the blocked mutants A, 6 and 9 from Y20 (Table 1) .
Strains were maintained on RC medium which contained (y;, w/v): sucrose, 0.3; white maize dextrin, 1-5; NaCl, 0.005; urea, 0.001 ; KHIPO,, 0.001 ; yeast extract (Oxoid), 0.1 ; ferrous sulphate, 0.001 ; bacteriological peptone (Oxoid), 0.5 ; agar, 2.0. Slopes were stored at 4 "C and at -70 "C. The strains were examined for 41 tests as recommended by Williams er a/. (1983b) for identification of streptomycetes. The strains were also compared by similarity procedures.
Identification. Strains were compared to existing streptomycete species-groups included in the probability matrix of Williams et al. (1983h) by the MATIDEN program (Sneath, 1979) on a DEC-20 computer. Three identification statistics were calculated: the Willcox probability (Willcox rt a/., 1973), taxonomic distance and its standard error (Sneath, 1979) .
Strain similarity. The test data were further analysed by the Clustan 1C package (Wishart, 1978) on a DEC-20 computer using the simple matching coefficient ( S s , , ; Sokal & Michener, 1958) and the Jaccard coefficient ( S J ; Sneath, 1957) . Clustering was by unweighted average linkage (UPGMA; Sneath & Sokal, 1973) and the results are presented as a dendrogram (Fig. 1) .
R E S U L T S A N D D I S C U S S I O N
Cluster analysis. The 12 strains formed five groups at the 850% similarity (S) level as determined from the analysis by the S,, coefficient (Fig. 1) . The same groups were recovered at the 73.0% S level by the SJ coefficient.
Group 1 contained all the mutant strains with high OTC titres; strain G65 received as S. rimosus together with the two type strains, S. rimosus NRRL 2234 and S . capuensis NRRL 3501. The latter two type strains also shared a high level of similarity in the study of Williams et al. ( 1 98 3 a) .
Group 2 contained two of the blocked mutants which were incapable of producing OTC on agar or in shaken culture. These two mutants (6 and A) differed from their parent strain, Y20, in a number of tests. Both mutants showed loss of antibiosis and became susceptible to rifampicin, mutant 6 was unable to grow in the presence of phenol (0.1 %, w/v) and mutant 9 failed to grow at 45 "C.
Group 3 comprised one strain, the blocked mutant 9, a derivative of Y20 which showed both morphological and physiological differences from Y20.
Group 4 and group 5 represented the strains S . aureofaciens A196 and 72T1 respectively. These two strains shared a number of characteristics and 72T1 was clearly separated from the other OTC-producing strains which were all recovered in group 1. (Table 1) with the numbered clusters of Williams et al. (1983b) resulted in a positive identification of six strains with S . rimosus (cluster 42) and three strains with S . lydicus (cluster 29). The blocked mutants A, 9 and 6 could not be positively identified due to low scores for Willcox probability and large taxonomic distances. The hightitre mutants D9, D9D7, F, Y20 and the type strains S. rimosus NRRL 2234 and S . capuensis NRRL 3501 all identified with S . rimosus (cluster 42) and achieved high Willcox probabilities and acceptable scores for taxonomic distance and standard error. The blocked mutants derived from Y20 had therefore lost their identity as members of the S . rimosus cluster.
Identzjcation. Comparison of the 12 strains
Strain G65 failed to identify with S. rimosus (cluster 42) due to a low Willcox probability score although the taxonomic distance scores indicated that this strain was closer to S. rimosus (cluster 42) than S. lydicus (cluster 29). Strain G65 was recovered in group 1 with the type strain of S. rimosus (Fig. l) , but it differed from other members of the group in its susceptibility to sodium azide (0.1 %, w/v) and phenol (0.1 %, w/v) and in its inability to reduce nitrate.
The blocking of OTC production in mutants 6 , 9 and A was associated with some significant phenotypic changes. When these mutants were identified using the diagnostic scheme in Bergey's Manual of Determinative Bacteriology (Pridham & Tresner, 1974) they showed similarities to S . rimosus. However, these similarities occurred only in carbon utilization and morphology. The identification system did not identify these strains with S . rimosus (cluster 42) due to differences in characters such as lecithinase production, nitrate reduction, nitrogen utilization and growth with phenol (0.1 %, w/v). The cluster analysis supported the identification results as the blocked mutants were recovered in a separate cluster to S. rimosus, the type strain and other strains identifying with S . rimosus (cluster 42).
The identification scores presented in Table 1 for S . aureofaciens A196 and strain 72Tl must be interpreted with caution due to the high values for taxonomic distance and its standard error. Both strains do not match well with the S . lydicus (cluster 29) phenotype but have a high Willcox probability score caused by dissimilarity to the other clusters in the matrix. However, there are members of cluster 29, such as S. platensis, that produce OTC and resemble strain 72Tl. OTC-producing strains fell into two species groups, S. rimosus and S . lydicus, and mutation to higher yields did not affect species identity. Mutation causing loss of production was accompanied by more phenotypic changes and loss of species identity. The cluster analysis also showed a clear separation of the two classes of mutants. The OTC-producing mutants clustered with S. rimosus while the blocked mutants formed two distinct groups.
